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(54) Vehicle slip control 

(57) Torque restrictions on a drive shaft are en- 
hanced when the angular acceleration AX of the drive 
shaft exceed a specific first threshold value. The en- 
hanced torque restrictions are subsequently relaxed 
when the angular acceleration drops below the first 
threshold value and further a specific restriction relaxa- 



tion condition is satisfied. The torque restrictions are ex- 
pressed as a graph representing a relation according to 
which an upper torque limit Tmax decreases with in- 
creased angular acceleration AX. The torque restriction 
are enhanced or relaxed by moving the position of a 
torque axis relative to the graph along the angular ac- 
celeration axis while preserving a shape of the graph. 
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for°Jellictes^ Pre5ent inVenUOn re ' a,eS ,0 3 teCHniqUe f ° r COntr0 " in9 the drivin 3 ,orce of 8 veh,c,e with consideration 
10 Description of the Related Art 

SU2L r£I , r? ,h ™ b "^ 

t«Z ^ ° f C °. n, ?"u 9 the S|IP °' 8 hybrid Vehlc,e ls dlsc,osed ' ,or example, I" JPA 10-304514. According 

ZlSSZS ""t T r e ,ikely ,0 8,ip ' Pr ° mptin9 8 reduc,,on S ™ tor ^ue, when the rate" 
23«^u?22SL7 T? ? ,S ° re,err8d t0 88 ■ an9U,ar <" « ^e shaft exceeds a threshold 

Z£, T u P PreVem S " P ff0m 0CCUn1n 9 duri "9 an increase in the driving force of a motor 

5£d hiMhfcT b8 l S ' iP C °, ntr01 ,eChn ' qUe ent8 " S reducing the motor to "» ua ««» *• drive wheels have 

o tnl nhe^rn^ 8 "Tl PP39e ^ SUCh C8SCS - ,n p8rticu,ar ' hvbrid vehicles tend to be susceptible 
«2S P m ™ , If 6 0f th6 teSt m ° t0r reSponso 10 8 V8, V in 9 to"'" 8 - This shortcoming is not limited to hybrid 
vehicles and extends to other types of vehicles. 

SUMMARY OF THE INVENTION 

sXnle^ PreSem inVemi ° n * 10 r6dUCe ,hC Nkelih00d th8t «" ^ ™™ * 8 d * 8 

Sntrll ST l ° ana ' n 31 ' eaS i, P , art ° f the BbOW - 8nd rel8ted of ,ne P resent ""^lon. th«e * provided a 

The drive shaft transmits a dnving force of the prime mover to the wheels of the vehicle. The slip control device com- 
pn.es an angular accelerate meter configured to measure an angular acceleration of the drive shaft, and a torque 

i?S?£ «hl , H M" d r8laXeS 11,6 enHanCed t0 '" ue res,rictions once tne 8n 9 u,ar acceleration falls below 
the first threshold value and further satisfies a specific restriction relaxation condition 

IZZl Z th 0 ?- „" T. T?* reStriCti ° n relaX8ti ° n COnditton is S8tis,ied ' but not ""rely the angular accel- 
eration of the dnve shaft falls below the first threshold value. 

SnMiTrtr!^? 0 emb ° din,ent ' the ,orQUe restrictions are expressed as a graph representing a relation between 
the angular acceleration and an upper torque limit of the drive shaft in a two dimensional space defined by an angular 

eSSon 3 T*,"* Wh6re ,ha UPPer l ° me limit ° f the drive sh8ft decreas es with increased angular 

JSSSii , ,0rq , Ue restrict,ons are enhanced by moving a position of the torque axis relative to the 

graph along the angular acceleration axis while preserving a shape of the graph 

10008] In another embodiment, the torque restrictions are enhanced and relaxed by vaiying a minimum value avail- 
able for the angular acce eration in the graph. In still another embodiment, the torque restrictions are enhanced and 
relaxed by vaiying a maximum value available for the upper torque limit in the graph 

SLhIh! "TT in r! i0n "l"" emb ° died in 8 V8riety 0f forms - Exam ' j|es indude vehicle slip control devices 
da d i^°fml^ 5 SUC V co " tro1 devices - com P"ter programs for executing the functions of such control 

w a ve1^Z i n7i^ dS • "^T 9 m 3 ,0f St ° rin9 SUCh COmpUter prosram8 ' and data ***** embodied on a carrier 
wave including such computer programs. 

Sl^r^thl fin* ^ffT^l l 6 ^ 8, aSpeCtS> and advanta 9 es of the P^sent invention will become more ap- 
parent from the following detailed description of the preferred embodiments with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] 

Fig. 2 is a block diagram depicting a more detailed structure of the control system 200- 
Fig. 3 is a block diagram depicting a circuit structure related to slip control; 
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Selg MP*™ ''" mT * Sn9 ' 8 ,0rqUe B0,Wn>Bd va,ue/Veh,cla ^ ™P 1" accordance with an accelerator 
Fig. 5 is a graph depicting the torque restriction map of the second motor MG2 during normal operation- 
al,, 8 tST f rati " 9 f" eXamP ' e in WhiCh ,0n,Ue re8Wc,ions are enhancad in accordance with 
variations in the angular acceleration of the motor 

S 98 ' 0 7 ! A ?" 7 , (E) Sh ° W 100 manner in whfch ton,ue res,ric "°n enhanced during period P1 in Fig 6- 
F .S' 221 f 9raP K S < !f P,Ctin9 Pafameter VariaU0nS ° bS0,Ved ,n ,he absence of enhancedtorqueVestrictions; 
Z^SIS^^r^^ obse^edwhen torque restrictions are enhanced in ac 

^firi°!IrtI2Sl!r 8 ^ m0d " iCa, ' 0n ° f ,he pr0Cedure for enhancing torque restrictions in accordance with 

Z^Z'JSS^^ modiflcation of ,he procedure for enhanclng ,orque "*"»• ,n «"*-»• 

»* motorMci and 12<B) ^ dePiCt ' n9 Vanati ° n8 ,he accelera,lon AX and mm N of the second 

^2^ 3 £SZST t of ,he motor 8ettn9 adopted ,n the second "* Q *-* and the 

Fig. 14 is a diagram Illustrating the size of the idling operation shifting area adopted in the third embodiment- 

o a t!Ze^L^Z^/ el T n fT en ,He aBeMw ° pening and the maximum ^Placement 6max 
or a torque axis adopted in the fourth embodiment; and 

Figs. 16(a)-16(e) show the manner In which parameters vary when the slip control procedures described with 
reference to first to fourth embodiments are performed. °escrioea wnn 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

iS 1 uence Emb ° dimentS " *" "° W be tBSCribe6 thr0Ugh «*«*"•"»■ according to the following 

A. Overall Structure of Hybrid Vehicle 
30 B. Basic Operation of Hybrid Vehicle 

C. Structure of Control System 

D. First Embodiment of Slip Control 

E. Second Embodiment of Slip Control 

F. Third Embodiment of Slip Control 
35 G. Fourth Embodiment of Slip Control 

H. Modifications 

A. Overall Structure of Hybrid Vehicle 

r COr T SeS Prime m0V8rS: a " enfl,ne 150 and rooter/generators MG1 and MG2. As used 
herein the term -motor/generator" refers to a prime mover capable of functioning as a motor or a generator For the 

s 6 5;' 2 7 n " TOe ' «■ w, » »» referred to mere* as "a motor.' The vehfcle is controlled by a ZZ 

Sl«i 1 5^2?.?* -m « a00 f mPriSeS 8 ma ' n ECU 21 °' a brake ECU ^ a batter V ECU 23 °. and engine 
J? ? ? COn, ' gured as a unit in which a microcomputer, an input Interface, an output interface, and a 

- - ! * T m ° Unted ° n 8 8in9le Clrcult 8Ub8tra,e ' ^ main ECU 210 comprises a motor 

«Tk L ft ! t T stercon,roller27a 

as the distribution of the outputs to be produced by the three prime movers 150, MG1 , and MG2. 
[0015] The e n g^ e 1S0 , s a common gaso|jne eng|ne ^ & crankshaft 1g6 ^ operatjon of th . 1g 

ZZSHtH E k U 24 °- ^ en9ine ECU 240 COntrote the fuel - *° a "9-e 150 and other 

parameters in accordance with the commands from the master controller 270 

L°!!!!I,. Jl? m0t °' 5 MG1 and MG2, constructed as synchronous motors, comprise rotors 1 32 and 142 provided with 
a plurality of permanent magnets on the external peripheral surface, and stators 133 and 143 provided with three- 
phase colls 131 and 141 for generating rotating magnetic fields. The stators 133 and 143 are fixed In a casing 119 

rScEZTS 1 1V f n wJ 41 W ° U ? d °" the 8tat0rS 133 and 143 of the mo,ore MG1 and MG2 « ra connected to 
a secondary battery 194 via drive circuits 191 and 192. respectively. The drive circuits 191 and 192 are transistor 
inverters provided with a pair of transistors as the switching elements^ each phase. The drive circSs 1* SJ ? 92 
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The motors MG1 and MG2 can receive power from the battery 194 to generate a driving force (this operating state wifl 
hereinafter be referred to as "power mode"), or they can function as power generators That generate an el Jt omot"! 

tZ ? «K PhaSe C0 " S 131 141 and *"»• ,he ***** 194 whe " the rotore 132 ^d 142 are mS 
by an outside force (this operating state will hereinafter be referred to as 'regeneration mode") 

on 5, T T e 8 I ,aftS ° f "l 8 e " 9ine 150 and motore MG1 and MG2 are mechanically connected via a planetary gear 
1 20. The planetary gear 120 comprises a sun gear 121 , a ring gear 1 22. and a planetary carrier 124 having a planetary 
prion gear 123. In the hybrid vehicle of the present embodiment, the crankshaft 156of the engine 150 Minted ta 
planetary earner shaft 127 by a damper 130. The damper 130 is provided for the purpose of absorbing the torsional 
SSZZSSr 1 V T T h f 156 - The r ° t0r 132 01 te linkad to a 8un 9-rshaft 1 25. Zrotor 

wfeeL U 6R ? nri EI ^ \*? 96ar 6hafl 1 2a ROtati ° n * th ° rin 9 9 ear 122 fe transm Wed to « axle 112 and 
wheels 116R and 116L via a chain belt 129 and a differential gear 114 

sensor iSt^TJ^TZ f T'"? l*?™ Mnon f ° r C ° ntro, " ng me entire such 88 an acceleration 

sensor 1 65 for sensing the d.stance traveled by the acceleration pedal depressed by the driver, a shift position sensor 

l^rZT!^ POSiUOn °7o he , Shift ' eVer> 8 braKe Sen80r 163 ,0r sens, "9 ,ha ^ *• ^ke Pedal 

herpm 0f , hemotorMG2 . Becausetneri ^^ 

he ri o n"^ K J? 126 and ^ 112 ^ 8 C ° nStam ^ ra,i0 - Consequentiy. the mm sensor 144 provided to 
the ring gear shaft 1 26 senses not only the rpm of the motor MG2 but also the rpm of the axle 112. 

B. Basic Operation of Hybrid Vehicle 

irin^htT s' ! he 9eaf 120 Wi " " ret be descfibed 88 Pat of a description concerning the basic 

^fhtS f. h . f a 9 « detenT,,ne the 'P" 1 °' the raining shaft. The relation between the rpm values of 
these shafts is defined by Eq. (1 ) below. , 



M Nc = Ns x p/(i + p) + Nr x 1/(1 + p ) 



0). 



equation P ^ ™" 0 ° f SU " 9Mr 121 and rin9 flear 122 ' 88 ex P reS8ed b * to*"*"! 
p = (Number of teeth of sun gear 121)/(Number of teeth of ring gear 122) 

« gSby LTsTa^rbelow 5 * *** "* °' and 00ntonB ,0 the COn8tant re,ations 

Ts = Tcx p/(1+p) (2) 

45 

Tr = Tc x 1/(1 +p)=Ts/p (3) 

me'rinJo^ 



the ring gear shaft 126. 

r/LlT m Se H ,hC P ^ eta 7 96ar 120 h3S SUCh ,UnCtion8 ' the hybrid venic,e 01 tne P rese "t embodiment can travel 
m a variety of modes When for example, the hybrid vehicle is in a comparatively low-speed mode after starting to 

2T» ^ nv,n 9 ,0 "f ' sranSmittedto,heax,e 112a ndthe vehicle is propelled by the suppiy of powertothemotorwi 
SrZT^i the V6hlC,e may SOme,lme8 be P r °P elled ^ the engine 150 Idling 

n h c 38 feaChed 8 preSCribed 8paed ,0,,owin 9 8tartu P- 0,6 con,rol ayatam 200 powers 

the mote MG1 , and the eng.ne 150 is started by the outputted torque. In the process, the reaction torque of the motor 
MQ1 is also outputted to the ring gear 1 22 via the planetary gear 120 

£° a ?ih !!^ e " ,heen ? in ^ 

gear shaft 126 are rotated under conditions that satisfy Eqs. (1) to (3) above. The driving force resulting from t he 
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rotation of the ring gear shaft 126 is directly transmitted to the wheels 1 1 6R and 1 1 6L. The driving force resulting from 
the rotation of the sun gear shaft 125 can be regenerated as electric power by the first motor MG1 . Powering the second 
motor MG2 allows the driving force to be outputted to the wheels 11 6R and 11 6L via the ring gear shaft 126 
[0024] During steady-state operation, the output of the engine 1 50 is set to a value substantially equal to the required 
driving force of the axle 112 (namely, Torque x Rpm of axle 112). In the process, part of the output of the engine 150 
is transmitted directly to the axle 112 via the ring gear shaft 126; and the remainder of the output Is regenerated as 
electric power by the first motor MG1 . The electric power thus regenerated is used to allow the second motor MG2 to 
generate a torque for rotating the ring gear shaft 126. As a result, the axle 112 can be driven by the desired torque at 
the desired rpm. 

10025] If the torque transmitted to the axle 1 1 2 is insufficient, this torque is assisted by the second motor MG2 The 
electric power regenerated by the first motor MG1 and the electric power stored in the battery 194 are used as the 
assisting electric power. Thus, the control system 200 controls the operation of the two motors MG1 and MG2 In 
accordance with the required driving force to be outputted to the axle 112. 

[0026] The hybrid vehicle ot the present embodiment can also move backward while the engine 150 is operated 
When the engine 150 is operated, the planetary carrier shaft 127 rotates in the same direction as during the forward 
movement. At this time, the ring gear shaft 1 26 reverses to the backward direction if the first motor MG1 is controlled 
such that the sun gear shaft 125 is rotated at a higher rpm than the rpm of the planetary carrlershaft 127, as can be 
seen from Eq. (1) above. The control system 200 can propel the hybrid vehicle backward by controlling the torque 
output of the second motor MG2 while rotating it backward. 

[0027] The planetary gear 1 20 can rotate the planetary carrier 124 and sun gear 121 while the ring gear 122 remains 
stationary. Consequently, the engine 1 50 can be operated even when the vehicle does not move. When, for example 
the remaining capacity of the battery 1 94 is low, the battery 1 94 can be charged by operating the engine 1 50 and letting 
the first motor MG1 to operate in a regenerating mode. When the vehicle is stationary, the engine 150 can be started 
by the torque of the first motor MG1 by allowing the motor to operate In the power mode. 

C. Structure of Control System 

[0028] Fig. 2 is a block diagram depicting a more detailed structure of the control system 200. The master controller 
270 composes a master control CPU 272 and a power supply control circuit 274. The motor controller 260 comprises 
a mam motor control CPU 262 and two motor control CPUs 264 and 266 for controlling the motors MG1 and MG2 
respectively. Each CPU is a single-chip microcomputer Including a CPU (not shown), a ROM, a RAM, an input port' 
and an output port. ' ^ v 

[0029] The function of the master control CPU 272 is to determine the rpm values, torque distribution, and other 
controlled variables ofthe three prime movers 150, MG1, and MG2; to feed the required values to other CPUs or ECUs- 
and to control the drive of each prime mover. To be allowed to perform such control, the master control CPU 272 is 
fumshed with accelerator position signals AP1 and AP2 for indicating the accelerator opening, shift position signals 
f nd SP2 ,or ^'eating shift position. The term "accelerator opening' means a level of the accelerator position 
1™ or " accelerator P° sition level ". "n specification. The accelerator opening ranges from 0% (full closure) to 
100 /«, (full opening). The acceleration sensor 165 and shift position sensor 167 each have a redundant configuration 
and each provide the master control CPU 272 with two accelerator position signals API and AP2 and two shift position 
signals SP2 and SP2. 

[0030] The power supply control circuit 274 converts a high DC voltage of the battery 1 94 to a low DC voltage for 
the circuits inside the main ECU 21 0. The power supply control circuit 274 functions as a monitoring circuit that monitors 
the master control CPU 272 for faults. 

[0031] The engine ECU 240 controls the engine 150 in accordance with the required engine output value PEreq 
which is received from the master control CPU 272. The rpm REVen ofthe engine 1 50 is fed back to the master control 
CPU 272 from the engine ECU 240. 
[0032] The main motor control CPU 262 feeds required current values llreq and I2req to the two respective motor 
«, f^! r °' ^l 264 and 266 accordance wl,n »>e squired torque values T1 req and T2req pertaining to the motors 
*> MG1 and MG2 and arriving from the master control CPU 272. The motor control CPUs 264 and 266 control their 
respective drive circuits 1 91 and 1 92 in accordance with the required current values llreq and I2req to drive the motors 

™! !r d . MG2 ' ne Ipm ValueS REV1 8hd REV2 of *• motors MG1 and MG2 are back to the main motor control 
CPU 262 from the rpm sensors of the motors MG1 and MG2. The rpm values REV1 and REV2 of the motors MG1 and 

„ Ur?" 6leCtrlC CU,Tent V8lue ' B °' ^ batte,y 194 ,or the driva clrculte 1 91 and 1 92 are fed back to the master control 
35 CPU 272 from the main motor control CPU 262. 

[0033] The battery ECU 230 monitors the charging conditions SOC (State Of Cell) of the battery 1 94 and sends the 

required charging value CHreq of the battery 1 94 to the master control CPU 272 as needed. The master control CPU 

272 takes this required value CHreq into account and determines the output of each prime mover. When charging is 
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required, a driving force greater than the output needed for propulsion is outputted by the engine 150 and a oortion 
thereof is drstnbuted to allow the first motor MG1 to perform a charging operation. P 
[0034] The brake ECU 220 performs a control routine aimed at achieving a balance between a hydraulic brake (not 

JESTS 8 re9e T a, '? n K" b3Sed °" 8eC0nd mo,or MG2 - ™ s is because "is hybrid vehfcie 
such that the second motor MG2 performs a regeneration operation during braking to charge the battery STftw* 
caify. the brake ECU 220 inputs a regeneration request vafue REGreq to me master control CPU 272 on l bS 

the 8 motors P IST»„dMrT 1 * Th * CPU 272 d8term,n8s *• oCratton fo 

me motors MG1 and MG2 on the basis of the request value REGreq and feeds back a practical regeneration value 
REGprac to the brake ECU 220. The brake ECU 220 sets the braking exerted by the hydraulic SSTSSjSS 
evel on the basrs of the brake pressure BP and the difference between the practical regeneration value REGprac mid 
the regeneration request value REGreq. a . u '" vaiue ntoprac ana 

J^V"! T ef COn,r °' CP ° 272 de,em " nes «• 0"tP"ts of the prime movers ISO, MG1, and MG2 and 
CPU lt oX^ r *!" ECU 240 ° fthe CPU 264 ° r266 "tolling these movers. The ECU 240 on" 
CPU 264 or 266 controls each prime mover according to the required values. As a result, the hybrid vehicle can travel 

brake ECU 220 and the master control CPU 272 cooperate with each other In controlling the operation of the crime 
^Kd^ 

called watchdog pulses WDP. and when a CPU develops a fault and the watchdog pulses stop a reset slonal RES b 

^.mu^r ™* is thus reset - 706 mastercontroi cpu 272 * m ° ntored sa^sss!; 

ESILi J? ^Jf'V/^rding circuit 280 is also provided. This circuit has an EEPROM 282 for recording fault 
! "TS SJS^J? Ult 9enerati ° n h ' St0,y ° ,,he accelera,to " ^nsor 165 or shift position sensor 167 is recorded 
in the EEPROM 282. The reset signals RES1 and RES2 transmitted between the master control CPU 272 and the 

SiSSST* CPU w 262 ^ ,nPUtted 10 thS ' npUt P ° rt °' ,he ,ault hiSto * *»• 2«0 When generaS 

mnti 1 ^ reC0Kl,n9 C>XCM 280, th6Se r6Set s '9 na,s RE $ 1 RES2 are stored in the internal EEPROM 282 
ELI r t8r C ° ntrol C ? 272 ^ ,aUlt h ' ?t0,V reCOrding Circutt 280 can excha "9 8 various requests and nS 
control CPU 272 and the main motor control CPU 262. 

D. First Embodiment of Slip Control 

as ESJJii 1 8 J' 00 ' f a9ram depiCtin9 8 CircUit 8trUCture rela,ed ,0 8,i P control - The master control CPU 272 
implements the f unctions of an angular acceleration determining section 272a and a torque control section 272b The 

of rotational speed with respect to time) of the second motor MG2 on the basis of the signal REV2 fed from the mm 
ZTii h m0t0f COn,rol CPU 262 - The numb8r of stations per minute (rpm) may. for example be uZ 
here n as the unrt of measurement for the rotational speed N. The rpm sensor 144 may for example measure the 

N 7" 1 - m " ,teeCOndS - ^ an9Ular aCCe,erati0n detem,,nin9 SecUon 272a S^STSS£ 
value Nave (thai is .the moving average) of three Immediately preceding rotational speeds N. The angular acceleration 

ax can be determined as a change In the average value Nave, as shown by Eq. (4) below. 
*s AX(i) = Nave(i) - Nave(i - 1) (4)i 

• "S*? - f) ln5 e (ir 9Ular aCCel8rati0n at * m * and NaV8(i) fe the avera 9 e value 01 national speeds N at times (i 

» JSI?ia T^lf an9 "'! r acceleration ** fe measured in [rpm/16 ms] because it expresses the change in rpm 
h i ^ 1 9 6 n0ted • h0W8Ver> * at any Unit eXpreSSi "9 108 manner in wh «" the rpm value changes over 
21 h - an9 "' ar acce,era,ion ,n the P resent specification, -rpm.- "rotational speed,- and "angular 

s y nonv,ns - ■Rotational acceleration" and "angular acceleration" are also synonyms 

£S L 2^ H 8 ,K 0^,ro, SG !! i0n 27 2b detem,ines fte to "» u * command values Tlreq and T2reqonhe two motors 
MG1 and MG2 and the required engine output value PEreq of the engine 150 on the basis of the accelerator position 
55 signals API and AP2 supplied from the acceleration sensor 165. the rotational speed N and angulaTaSrat.on A* 

ZnXTc!! \7 acceteration detem,ining section 272a - the ^ REVen 01 tha 1 50 *^'<™ 

[0042] The acceleration sensor 165 includes two sensors 165a and 165b. These sensors 165a and 165b may. for 
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SSH ? TmT??*!*- The ,UnCti ° n ° f the ,0rque contro1 section 272b fe to dete ™'"e the accelerator opening 
££Z . i r ^ y 8preSSed acceleration P eda| ) on »• baais of the accelerator position signals API and AP2 
provided by the two sensors 1 65a and 1 65b. 

[0043] Fig. 4 is a diagram Illustrating a torque command value/Vehicle speed map established in accordance with 
an accelerator opening AOP. As can be seen in the example, a map expressing the relation between vehicle speed 
and torque command value Tr (required torque value to be outputted to the axle) la prepared in advance for each 

EES? T 9 ValU ° A ° P ThCSe m0PS may ' '° r example " be storod in a ROM < not shown > of tha ™stercontrol 
CPU 272. In the present embodiment, the rpm N of the second motor MG2 is used instead of vehicle speed. The torque 
control section 272b determines the torque command value Trf rom the corresponding map and establishes the torque 
distribution and rpm of the three prime movers 1 50, MG1 , and MG2 in accordance with the torque command value Tr 
and the rpm N of the second motor MG2. The torque of the second motor MG2 is limited in accordance with the angular 
acceleration AX for slip control purposes, as will be described below. 

[0044] The master control CPU 272 implements the functions of the angular acceleration determining section 272a 
and torque control section 272b by executing a computer program stored In a ROM (not shown). 
[0045] The output shaft of the second motor MG2 corresponds to the drive shaft referred to in the claimed invention 
and the rpm sensor 144 and angular acceleration determining section 272a correspond to the angular acceleration 
meter referred to in the claimed invention. «*e«»«uon 

[0046] Fig. 5 is a graph depicting the torque restriction map of the second motor MG2 during normal operation As 
can be seen In the graph, the maximum torque limit Tmax of the second motor MG2 Is set such that the value thereof 
decreases with increased angular acceleration AX. This is done to prevent the rpm N from rapidly Increasing as a result 
of the fact that the motor torque is limited to a low value when the angular acceleration AX is high (that is, when the 
rpm N increases at a rapid pace). Slippage can be stopped by limiting the rapid increase of ipm N 
[0047] Fig. 6 is a graph illustrating an example in which torque restrictions are adjusted in accordance with variations 
In the angular acceleration AX of the motor in the first embodiment of slip control. The angular acceleration AX Is 

'T S t0 r M ' *' r With ° 0nStant perl0dici,y (,or example ' 16 "»)• ln the ,,ret embodiment, slip is detected 
using the following slip sensing condition S1. 

(S1): The angular acceleration AX is equal to or greater than a first threshold value AXT1 

[0048] Torque restrictions are enhanced during period P1 in Fig. 6, during which the angular acceleration AX is above 
30 !J!f SET!* T h °' d r a,ue T AXT1 - Specifically, torque restrictions are enhanced by the gradual movement of the 
T,J?ll qU<5 * TmaX Flg - 5 10 the right when ,he a "9 ular acceleration determining section 272a has 

detected that the angular acceleration AX exceeds the threshold value AXT1 at times t1 -t4 

L°,°f 9 L I 98 ; 7(A) ,0 7(E) flre dia 9 rams '""strating the manner in which torque restrictions are enhanced during period 
tor^LZLV™^ VI* T r6nt angU ' ar acceleration A*c «• 17 [rpm/16 ms], and is thus less than the first 
hreshold value AXT1 (20 [rpm/16 ms)), so the torque restriction map Is kept at an ordinary state (Fig. 7(A)). The term 
35 current angular acceleration AXc" refers to the angular acceleration measured at this moment. 

[0050] At time 11 . the current angular acceleration AXc is greater than the threshold value AXT1 , so the axis for the 
upper torque > limit Tmax (hereinafter abbreviated as "the torque axis") is moved a given distance to the right from the 
nit.al state (Fig. 7(B)). In this example, the displacement is 1 0 [rpm/1 6 ms). The black circle indicates the position of 
he current angular acceleration AXc on the torque restriction map resulting from the movement of the torque axis and 
the white circle indicates the position of the current angular acceleration AXc' on the original torque restriction map 
As can be seen in the drawings, the value of the upper torque limit Tmax for the current angular acceleration AXc on 
the post-enhancement torque restriction map is set lower than that on the initial torque restriction map 
[005-IJ Times 12, t3, and t4 in Fig. 6 are similar in that the current angular acceleration AXc is greaterthan the threshold 
value AXT1 , so the torque axis is sequentially moved to the right each time. Specifically, the torque axis is moved by 
10 [rpm/16 ms] every 16 ms (Figs. 7(C) to 7(E)). At time t4, the displacement of the torque axis from the initial state is 
limited to a maximum displacement Smax (35 [rpm/16 ms]). The reason that the maximum displacement of the torque 
axis is limited in this manner is that an excessive displacement of the torque axis reduces the upper torque limit very 
close to zero irrespective of the value of angular acceleration AX, making it impossible for the second motor MG2 to 
dnve the vehicle. 

[0052] If the angular acceleration AX remains above the threshold value AXT1 for a long time, the upper torque limit 
Tmax is limited to a much lower value than when the initial torque restriction map is used, as can be seen in Fig 7(E) 
As a result, it is possible to prevent the rpm N of the second motor MG2 (that is. the rpm of the axle 112) from abruptly 
rising i to a higher level. When, for example, a wheel slips and the axle 1 12 suddenly starts to rotate at a much higher 
rpm, the rpm N of the second motor MG2 also Increases in a proportional manner. Slippage is prevented In this case 
because the torque of the second motor MG2 Is limited, as shown In Figs. 7(A) to 7(E) 

?vfi! 1 A ! t6r t0rqUB festric,ions have been enhanced in this manner at times t1 -t4 in Fig. 6, the angular acceleration 

£!? 5 7 threSh ° ld Va ' Ue AXT1 * ,lme t5, 80 ,he ,0rque res,riction mfl P 18 k °<* ,he state corresponding t 
time 14. The torque restr.ct.ons are relaxed when the angular acceleration AX is less than the threshold value AXT1 
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: and one of the restriction relaxation conditions (IWa) to (M1c) described below is satisfied. 

(M1a): The difference in speed between front and rear wheels is substantially zero while the accelerator opening 
is more tnan zero. 

s (M1 b): The angular acceleration AX is zero or less. 

(M1c): Vehicle speed is 30 knVh or greater. 

[0054] The first condition M1 a is satisfied when slippage is stopped and the driver intends to accelerate In this case 
therefore, torque re^ 

n by vehicle speed sensors (not shown) installed on the front and rear wheels measured 

Sh J c h f,!;T d H°K di,i0n T 18 Satfefied Whe " the ^ N remalns 01 Ureases. In such cases, torque 
restrictions are relaxed because there is usually no slippage. 

ESLJ? thirdC 1 0ndftl °" M1 c ls satisfled wne ". sample, the slippage stops after occurring at the start of move- 
's o7repe^ 

[0057J If any one of the three conditions M1 a to M 1c are satisfied at least for a specific period At, it is concluded that 
there no sl.ppage. and the torque restrictions are relaxed thereafter. When, for example, the angular acceleration 
AX remains negative dunng a standby period P2 (duration At = about 200 ms) following time t6 in Fig 6 the torque 
restnctions are relaxed following a subsequent time tl 0. The standby period P2 is provided in order to achieve hioher 
*> ^ncyinpreventington,uerestrictionsfrombeingrepeatedlyenhance^ 

pe^d w ft °h n0r V fcle SPeed - " Sh ° UW ^ n ° ted ' h ° WeVer ' ** ,he 8,andby P6ri0d P2 te '"«se2 and can be'dis- 

KLJlV° rqU 1 res !™? on8 are relaxed bv 9 radual| y ™ v '"9 »» torque axis to the left each time. The resulting 
» 5 d STcl 1688 than the disp,acement duri "9 «he enhancement of torque restrictions and can. for ex 

Sence iS be ° aUSe th ° t0rqUe res,f1ctions is P^erably relaxed gradually to prevent slip 

IS fl hSf a 8 |S* 8( ^ St L° W parame,er varia,ions observed the a^ence of the enhanced torque restrictions de- 
mTSo^o, «r, , e dnVef 8tePS 00 ,he acceleration P edal the ™nner shown in Fig 8(a). the torque of 

» SlTSS m °£ S'T aSeS * bniP ** (F ' 9 - 8(C)) - Slippa9e 0CCUre ' and the second motor 2 reaches a 
seeo^d^notnr upo th ^ " aCcompanied bv a ra P id increase in the angular acceleration AX (not shown) of the 
second motor MG2, so the torque command value of the second motor MG2 is restricted in accordance with the torque 
Ind?™ m m 9 " S ' and * e """torque decreases(Flg. 8(c)). As a result, slippage is temporarily stopped. 

? decreases ' However - ,he reduction in 'Pm N results in a lower angular acceleration AX. allowing the 

s T„„ a „!T ?i 6 accordance with ,he tomue re8tric «0" "lap in Fig. 5. The increase in motor torque aHows 

SSI ^»ed a sCgT° t0r * m " t0 ThUS ' US ' ng "* reStriCn ° n ^ 5 SWne * meS 

S S ' 9< K a) :? (C) parameter variations obae ™ d wne " torque restrictions are enhanced in accordance 
J1I U embodiment. The example Is similar in the sense that when the driver steps hard on the acceleration 
pedal in the manner shown in Fig. 9(a), the torque of the second motor MG2 increases abruptly (Fig. 9(c)) slippage 

comma h i" ^ ^ ** ^ Sh ° Wn) °' 1,16 8econd motor MG2 « 80 ^ue restrictions are enhance? the torque 
command value of the second motor MQ2 is restricted, and the motor torque rapidly decreases (Fig. 9(c)). As a resuft 

fSStJ TTV? r N d6CreaSeS - A " th6Se StepS are sub8 tantia.ly the same as those shown 
n Figs. 8(a)-8(c). In the first embodiment, however, there was no immediate relaxation of the enhanced torque restric- 
hons so the torque can increase only to a limited extent after slippage has been stopped and the angular acceleration 
AX reduced. As a result, slippage is less likely to recur. «~wei«wn 

SZ!L fi»f ' 1 kT° (E) , Sh ° W 8 modifica,ion of the P roced "« for enhancing torque restrictions in accordance 
With the first embodiment. In the first modification, the minimum angular acceleration AXlim is gradually varied instead 
of the torque axis being moved. As used herein, the term "minimum angular acceleration AXlim" refers to a minimum 
mtml a "„Z " aC r ,erati °r v AX ° n 3 ,0rqUe M ™ map 10 < A > to «W a "ow the manner in which the 
TS^T^TUST" 1 9radUally inCreaSeS Whe " the t0 "* UB restrictlons are enhanced ** <=en be seen 
AXc on Sue S^ ^or torque is limited by a torq ue value expressed as. the current angular acceleration 
f f ,nc,lon 1 niap when m angular acceleration AXc is greater than the minimum angular ac- 
celeration AXlim. As can also be seen in Fig. 10(E). the motor torque Is limited by a torque value (shown by a black 

acclleraln'Sc T" AXI,m 0n a "«*ltan map when the current angular 

^ . ,he min ' murn angu,ar acceleration AXlim. A maximum shift 8max can be set for the 

=0^ 
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l ^uT»Z™T° t0 reduce,he ' ikelihood * repeatedslippage «" the same manner as In the first embodiment 
torqufreslS acce,erat,on AXI ™ of atorque restriction map In orderto enhance or relax 

s So uif ' 1 k A i' 1 1 ?T 8 8eC ° nd modifica,ion ot ,he P"*edure for enhancing torque restrictions in accordance 
ZnlVlZ emb ° dirT, , en, J n , ,he 6econd mo "lfIcatlon. the maximum torque upper limit Him of a torque restriction map 
ftf a V Vaf ^ ' nS °' the mlnin,Um an9U,ar acce leration AXlim being varied in accordance with the first modi- 
2 tL . 1 6 temi " maximum tor " ue «PP* «mlt Tlim" refers to the maximum value of an upper torque 
£t™ °7 ,° rqUe reStri ° ti0n map> Whe " the maximum ton "* °PP er limlt Tllm 18 gradually varied, the shape of 

to ^ mflP V !" eS 88 Sh0W " RgS - 1 1 (A) 10 1 1 ® ■ The motor 18 "'"'ted by a torque value (shown 

L« ml Z PreSS6d K aS CUrrCnt an9Ular aCCe ' era,,0n AXC 0n a P^-enhancement torque restriction map. 

t£!£To . S6t ,0r the maXimUm ,orque upper llmit T1im as we »- The m8 *'™«" torque upper IM 

Tlim gradually Increases when the torque restrictions are relaxed. 

K?J! lsth "* p ° ssib,e 10 ^duce the likelihood of repeated slippage in the same manner as in the first embodiment 
is Z 1 V m ° di,, 1 ca,,on by 3 radual| y var V in 9 the maximum torque upper limit Tlim ot a torque restriction map in order 
15 to enhance or relax torque restrictions. * 

iTnrL.fJK^ Can ?. U8 ^ e 8t ° PPed Wi,H h ' 9h 8fflCfenCy b6CaUSe ,he t0rque restrictions on the second motor MG2 
£f!?£Z?TF 1 -CT' dUr ' n9 WhiCh me 8n9U,ar "Oration A * o' the second motor MG2 is greater 
than the first threshold value AXT1 in the first embodiment and its modifications. In addition, slip recurrence can be 

» 2ST2L P hT J m f ,0rqUe restric,ions are 9 radual| y relaxed If the angular acceleration AX subsequent* 
8 1? f h °' d ValU6 AXT1 and a restriction re,axation ^'"o" other than the threshold value AXT1 1 
satisfied. As a result, it Is possible to reduce the likelihood of repeated slippage 

ImfS. J« P t a S' « ,h ! 1 1 2 a ," d th8 0UtpUt Shaft 01 ,he second motor MG2 rotate at a co "stant ratio when the 
rpm values of the left and right wheels on the axle 112 (Fig. 1) are substantially equal to each other, making it possible 

to achieve a more efficient slip control by controlling the second motor MG2. 
E. Second Embodiment of Slip Control 

[00671 In the second embodiment, an even more efficient slip control is achieved by supplementing the above-de- 
30 motS^ Ure °' firSt emoodiment with a procedure in which restrictions are applledtothe rpm N of the 

SU^L? - ; 1 2(A> Snd 1 2(B) 9faphS depiCting varia,ions in th e angular acceleration AX and rpm N of the second 
motor MG2. At time t1 , the angular acceleration AX is greater than the first threshold value AXT1 , so the torque re- 
strictions are enhanced in the manner described in the first embodiment, and a torque restriction map such as that 
LT", I ?" 7(B) K i , S established - 88 ca " be seen in Fig. 12(B). As a result, the torque of the second motor MG2 is 
restncted. the rpm N is immediately reduced, and the angular acceleration AX Is brought below the first threshold value 
AXT1. However, the torque restriction map subsequently retains the state shown in Rg. 7(B) because the above- 

? iSm rf° n COndi,i0 " 8 (M18) t0 (M1C) fa " t0 h0,d Up durin 9 the standb V Pe^ * ("0- 6). Following time 13 
n Fig. 2(B), the torque restrictions may become insufficient dueto tire wear, road conditions, and other factors despite 
the restrictions imposed on the motor torque. It is therefore possible to encounter situations in which slippage continues 
and the motor rpm N gradually increases following time t3, as shown in Fig. 12(A). - 
[0069] Thus, the second embodiment entails performing a routine in which slippage is first detected using the below- 
described slip sensing condition S2. and torque is controlled using the upper limit of motor rpm in order to prevent 
situations in which slippage persists and the motor rpm N continues to increase. 

(S2): The angular acceleration AX Is greater than a second threshold value AXT2, and the motor rpm N is greaterthan 
a road-gnpping rpm Ngrp plus 40 rpm (Ngrp + 40). 

[0070] As used herein, the term "road-gripping rpm Ngrp" refers to the rpm value at time to immediately before the 
angular acceleration AX exceeds the second threshold value AXT2 (10 [rpm/1 6 ms]). as shown in Figs. 12(A) end 1 2 
B). The temi road-gnpping rpm" refers to the rpm achieved by a wheel having good traction on a road surface prior 
to slippage. A value existing at another moment may also be adopted as the road-gripping rpm Ngrp. In common 
P T^l ' S P l ° de,i " e the ro^-gripping rpm Ngrp to be a rpm value at any specific moment during a period 
in which the angular acceleration AX goes over the second threshold value AXT2 

[0071] If the aforementioned slip sensing condition S2 is satisfied, slippage develops and the motor rpm N gradually 
ncreases beyond the value Ngrp existing immediately before the slippage. In view of this, the torque is controlled using 
tne upper limit of the motor rpm N. 

[0072] Figs. 13(A) and 13(B) show the upper limit of the motorrpm setting adopted for the second embodiment and 

motir TrV f Ml a !f, 0Ciated ,hereWi,h - AS <*" be 8een ln B * 13 < A >' the "PPer rpm limit Nmax of the second 
motor MG2 is established In the following manner in accordance with the road-gripping ipm Ngrp 
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(1 ) Nmax = 1400 rpm when Ngrp is 1000 rpm or less 

(2) Nmax = Ngrp + 800 rpm when Ngrp is greater than 1000 rpm 

5 SiaS* u PP e c rrpm „. ,lm ! NmaX fe establ,shed with consideration forpreventing excessive rotation of the differential 
9 J t l 9 ; I S *** Kai * the difrerentel 9ear 1 1 4 is likely to rotate excessively when there is a large differencei. 
rpm betweenteft and nght wheels. By contrast, the rpmofthe differential gear 114 can be brought wZ a SnZ 

ZmI'^ZTZ™ T' ,im "f NmflX deSCribSd (1) and (2) lb ~ ,or "» ^ N of ,ha 88 ^ d motor mSo^ 

ssri'sssir * m between ,eft and n ' 9M whee,s - * a ~* * -«« 

W Son^rJf r?." 8d US ' n9 *" t0fqUe reStriCti0n ra,i0 Rtr shown in F '8- 13 < B > this sample, the torque 
ZTZ ul Zl T «,l ^ CC ° rdanCe W ' th 9,6 ^ (NmaX - NC) ' Wh,ch is ,he dWerenc ° ^en the upper 
u^e 2 ISIS t ^ NC - The t0rqUe reStriC,lon rat, ° Rtr referred 10 here «" a ™«<P''er fonhe 

J!toJSl^£SSir^ t° ,he actuai upper torque ,im,t ,8 ' g ™ by ^ x a 

SIT i^iSiJSl V . multiply,ng 1,18 "PP er Tma * of a «o")ue restriction map (such as that shown In 

5S?6 ™S ss A 00 r or r a,er " the res,Hc,ion ratio Rtr ,s ioo% - and ,he upper « Tmax «"°«n 

« 2 It 1 { } ' I ? , 6d direCtly 83 ,he Upper ,orque ,,mit - B * n™** *° restriction ratio Rtr is proportional 
l™ZTtT 3 r ? ,atter 18 ,6SS tHan 500 fpm ' S ° the aCtUal "PP er t°"iue limft (Tmax x Rtr) b ateo ^justed 
according to the marg.a Consequently, the actual upper torque limit Is reduced to a low value when the current rpm 
Nc of the second motor MG2 is close to the upper limit Nmax thereof. As a result, the second motor MG2 rs conUoS 
to prevent the current rpm Nc from exceeding the upper limit Nmax. The actual upper torque limit Tmr x ftr becomes 
zero when the current rpm Nc exceeds the upper limit Nmax thereof (that is. when the rpm margin Is n^gaUve) ma^g 
it possible to prevent the rpm N from increasing. negawej, maxing 

* satisfied T ° rqUe re8triCti0n8 ° n m0tor rpm are cancaled when a " the ,ollowin 9 deling conditions (M2a) to (M2c) are 

r^toT* NC fe 6qUal 10 ° r ' eSS tha " 8 Va ' Ue (NQrP + 4 ° ) ° btained by addi " 9 40 ,pm 10 ,he road-gripping 
(M2b): The absolute value of angular acceleration AX is less than 5 [rpm/1 6 ms) 
(M2c): The difference in rpm between front and rear wheels is no more than a prescribed allowed value. 

nOf! CanC 1" 9 K° nditi0nS M2a t0 M2 ° arB 8atiS,ied ,0r a presoribed period < for example. 500 ms), it is con- 
SSS tha, , 6 ' lppaae bas been stopped, and the torque restrictions based on motor rpm restricts are canceled 
as th» ^^"^^^ent, the torque of the second motor MG2 is controlled such that restrictions are imposed 

on the motor rpm, making .tpossible to prevent situations in which persistent slippage occurs andthere is an excessive 
increase in the rpm of the second motor MG2 or the rpm of the differential gear 11 4 

ESLIKE t0fqUe restrictions based on motw rP" 1 restrictions described above is particularly effective when 
S S2S.T?? Cann ° t 68 enhanCed ,he mann6r desCribed With reference to 7<A)-7(E) Consequent* 

F, Third Embodiment of Slip Control 

™*«f « 7 8 Bft r0t8t,0n by opera,in9 ,he en 9' ne 150 in an idlin 9 8tate specific conditions 
ES J*"* * d ' agram . l,IU8 ^ ting a " ,dlin9 operHti<>n 8hmin 9 area ad °P ted in «ha third embodiment. As used 
ST. 9 t 0P f ^ 8hrftin9 area " r8fare 10 a " 8,68 ,n which ,he en 9 in8 150 fe 'orcibly shifted into an idling 

S^Xn JTSThT S t XC6 f dS I™'" 6 (NmaX + 2 ° 0) ° btained by 8dding 200 n»" to the upper limit Nmax. 
E JUS f l8,,ed ' the t0rqUe fr ° m ,he engine 150 drivcs the 8x18 1 12 eve " w«h zero motor 

o il SS? J? ^ f ° rema,n ""reduced and slippage to continue. In view of this, the engine 150 is forced 

SST? k , 8ta 6 ° nder 8UCh COnditi0nS 80 that ,he motor 18 reduced and tha slippage stopped. As used 
herein, the phrase-being forced to operate in an Idling state" refers to an operation in which an idLg state bmaSained 
even when the accelerator opening is more than zero. maintained 

fs 5 S?iifieo he f0rCed ° Perati0n ' S ° anCeled " 31 ,eaSt °" e °' me ,0 " OW,ng C8nceling °o nditions < M3a > and 
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z^zx^ z e mo,or MG2,te ,ess ,han a va,ue (N9rp • 5oo) **** by sub,ractins 600 

(M3b). The angular acceleration AX is zero or less. 

Consequently, performance should preferab* be enhanced In this case by allowing the engine 150 to increase Its 

[00851 There are also cases in which the engine 150 should preferably be forcibly brought into an idling state when 
slrppage occurs dunng the backing of a vehicle. In the hybrid vehicle of the present embodiment to dK Z 

engine 150 is regenerated by the first motor MG1 . Any slippage occurring during backing renders the mm N o Z 

in thfor^T \ T 86 the e " 9,ne 150 ' S ° 0ntr0lled such that the amount ° f e| ecWc«' Power regenerated 

a«S, P T kef " C ° nS,ant ' the ° pera,ing state of ,ne e "8'no 15° eventually experiences huntinq 
[0086] In v.ew of th.s, the master control CPU 272 concludes that slippage has occurred and forces' the enoine 150 

Th« allows slippage to be stopped and prevents the engine 150 from experiencing hunting J 9 9 ' 

s^The^bTs ISSF* ° f en9 ' ne dUrin9 baCking may " fof examp,e ' be «~*d when the vehicte 
a£sa^ 

!?n 8 f!L ThUS ' rf the f"! ' embodiment makes » Possible to prevent the drive shaft from rotating excessively the enaine 
SO from experiencing hunting, or other undesirable phenomena from occurring by forcibly o?eS X engfne"n an 
idling state when specific slip sensing conditions are satisfied. operating tne engine in an 

G. Fourth Embodiment of Slip Control 

En ™ n he .n a l ,he above - described firs1 10 thi «* embodiments entailed performing slip-stopping control (so-called 
mu! JlSI Z™ 3,50 SrtUa,, '° nS WWCh 6 " Ppa9e Cannot be St 0 ***- example, a ceSain amount ofate 
fTwiinta h ^ a aim is to escape from a pothole in a snow-covered road, muddy road, or other typeof poorly 

" that slippage ,s allowed to occur when certain slip permitting conditions are satisfied 
Sma* If Iti B 9 T h deP ' Cting th ° rela " 0n b6tWeen 1,16 accete '*°r opening and the maximum displacement 
fZed to Z.n SI T t0rqUa f6 f 0110,18 ^ enhanC6d The maXimUm dement 6max of the torque aS 
AHo 7, a 2S„ h ? " 89d duri " 9 ,he e ""«noement of torque restrictions described with reference to Figs. 7 
A) to 7(E). As can be seen in Fig. 15. the maximum displacement 5max of the torque axis is kept at its initial leveU35 
[rpm/1 6 ms ) when the accelerator opening AOP is between 0% (completely closed) and 80% Con^q ertll to £ 
control routine described In the first embodiment is executed if the driver has stepped only Itahtty SnTe 3era2 

for ,his is that any slip te regard6d 88 unintent,onal if the dr ^ r has 8teppad r o*££TZ 

TT' the acceleratoro P e ' lin 3 AOP is between 80% and 100% (completely open), the maximum 
.XTc^lemt^ 

s msm£TLT 2 . : qUe 3X18 rema,nS substemial| y stationary a "« the initial state shown In Fig. 5 
a 1 i PS 00 acce,eration P^ 31 0118 ma ""or in an attempt to escape f mm a pothole in 

end l thU 7 , r0ad S ° me t0rqUe iS there,0re 0U,putted b * *• 8econd ™ tor MG2 evenwhen the wheels si to 

and the vehicle can escape from the pothole in the poorly maintained road 

Sed riSLliS 18 ° ne . P0SSiblB eXamP ' e °' a " arranaement in which t" a degree of torque control is 

^KSSTlSt a,0r ° Pen,ng A ° P Wh8n ,h ° aCC8 ' erat0r ° Pening A ° P fe,te Wrthi " a brescribed 

E . RgS - ^( a )-16(e) show the manner in which parameters vary when an attempt is made to escape from a 

S^Z^^^^^^^ e e ^ e 861 °' Slip ^ P^edures' described with referencTto 
k f mbod,mants - Wnen tne drtver steps on the acceleration pedal such that the accelerator opening AOP 

cTand ITJV^^* mannershown in 16 < a ). t" a second motor MG2 increases its tor? e R M6 
SISJSI'J^ ?' . ^ aCCe ' era,0r ° Pen ' ng A ° P te substentia "y 100%. ^e mLlmum dls 
the t o r u Jr«,l 8X18 ' S 891 ! ° Z6r0 (F ' 9 ' 16(6)) ,he manner descr,bed with raf ^"oe to Fig. 15, and 

he torque restriction map remains in the state shown in Fig. 5. Using the torque restriction map of Fig 5 restricts the 

The motor torque is further restricted by the upper limit of the motor rpm N. as described with reference to Figs. 13(A) 
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and 3(B). As a result, keeping the actual torque of the second motor MG2 at a relatively low level allows the driver to 

!hr n IT \ * ? "T nUn9 ,he m ° ,0r N from reachin 9 an h '9 h Although this is no 

shown byje example of F,gsie ( a).16^ 

motor MG2 falls within the idling operation shifting area described with reference to Fig 14 
[0094] Thus, the fourth embodiment allows torque restrictions to be relaxed irrespective of other conditions when 
the dnver steps on the acceleration pedal, permitting some slippage to occur and making it possible to escape from a 
pothole in a poorly maintained road. . ^ m " 

[0095] The same control routine, which is executed when the accelerator opening AOP reaches 100% in Fig 15 in 
l«i 0V K , . * m *°* lmenX ' <*" be P erformed - * result of the fact that the driver operates a specific torque control 
off-switch instead of relaxing torque restrictions In accordance with the accelerator opening AOP. 

H. Modifications 
HI. Modification 1. 

S2S . Alt H° U . 9h "I 6 Bb0Ve embodimente were described w »h Terence to a so-called mechanical-distribution hybrid 
" J* f Ptanetary gear is used to distribute the mechanical power of the engine between the axle and the 
fi st motor MG1 , the present invention is also applicable to so-called electrical-distribution hybrid vehicles in which the 
5SSX«Sr ed h7'! h Sn . d T en 2'. ne P ° Wer fe eleC,riCa " y diS,ribU,ed USi " 9 8 mo »o^e"erator. An electrical- 

" dBC, ° Sed U ^ 5>804>834 ' ^ diSC,08Ur ° 0< " WBh fe inco "- ated 
[0097] The present invention can be adapted to vehicles other than hybrid vehicles. In other worts the present ' 
invention can be adapted to any vehicle in which at least one wheel-driving prime mover is used. It should be noted 
however that vehicles in which the output shaft of the motor is coupled with the drive shaft of the vehicle (such as the 
hybnd vehicles described in the above embodiments) allow fast response to be obtained for the torque control of the 
motor-based drive shaft, making it possible to control slippage with higher efficiency. 

H2. Modification 2: 

[0098] Although the above embodiments were described with reference to cases in which torque restrictions are 
gradually enhanced and relaxed at regular intervals, it is also possible to adopt an arrangement in which the torque 
reactions are enhanced or relaxed as a single operation. It should be noted, however, that enhancing or relaxing 
efficiency S " * 9radUa ' man " er * Se " Se that S,ip recurren «» «w *>* prevented with higher 

H3. Modification 3: 

[0099] The parametric values used in the above embodiments are merely explanatory and may lie outside the cited 
rsriQes. 

[0100] Although the present Invention has been described and Illustrated in detail, it Is clearly understood that the 
same is by way of illustration and example only and is not to be taken by way of limitation, the spirit and scope of the 
present invention being limited only by the. terms of the appended claims. 

[0101] Torque restrictions on a drive shaft are enhanced when the angular acceleration AX of the drive shaft exceed 
a specific first threshold value. The enhanced torque restrictions are subsequently relaxed when the angular acceler- 
ation drops below the first threshold value and further a specific restriction relaxation condition is satisfied. The torque 
restnctions are expressed as a graph representing a relation according to which an upper torque limit Tmax decreases 
with increased angular acceleration AX. The torque restriction are enhanced or relaxed by moving the position of a 
torque axis relative to the graph along the angular acceleration axis while preserving a shape of the graph 



Claims 
1. 



A slip control device for use in a vehicle including at least one prime mover for driving a drive shaft of the vehicle 
the drive shaft transmitting a driving force of the prime mover to wheels of the vehicle, the slip control device 
09 comprising: 

an angular acceleration meter configured to measure an angular acceleration of the drive shaft- and 

a torque controller configured to enhance torque restrictions of the drive shaft when the angular acceleration 
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n V? iC , j nst , M,reshold value - and *° «*« the enhanced torque restrictions once the angular accel- 
eration falls below the first threshold value and further satisfies a specific restriction relaxation condition. 

2. A slip control device as defined in Claim 1 , wherein 

the torque restrictions are expressed as a graph representing a relation between the angular acceleration and 
an upper torque limit of the drive shaft in a two dimensional space defined by an angular acceleration axis 
and a torque axis where the upper torque limit of the drive shaft decreases with increased angular acceleration; 

the torque restrictions are enhanced by moving a position of the torque axis relative to the graph along the 
angular acceleration axis while presen/ing a shape of the graph. 

3. A sljp control device as defined in Claim 2. wherein the movement of the torque axis during the enhancement of 
iSS" 9radUa,ly 6f,eCted ln 8 Peri ° d dUri " 9 WhiCh thS a " 9Ular acceleration ls grater than the 

4. A slip control device as defined In Claim 2, wherein the torque restrictlona are relaxed by moving the position of 
the torque axis relative to the graph along the angular acceleration axis while preserving a shape of the graph. 

5. A slip control device as defined in Claim 4, wherein the movement of the torque axis during the relaxation of the 
torque restr.ct.ons is gradually effected in a period during which the specific restriction relaxation condition is sat- 

6. A slip control device as defined in Claim 1 , wherein 

the torque restrictions are expressed as a graph representing a relation between the angular acceleration and 
an upper torque limit of the drive shaft in a two dimensional space defined by an angular acceleration axis 
and a torque axis where the upper torque limit of the drive shaft decreases with increased angular acceleration; 

the torque restrictions are enhanced and relaxed by varying a minimum value available for the angular accel- 
eration in the graph. 

7. A slip control device as defined in Claim 1 , wherein 

the torque restrictions are expressed as a graph representing a relation between the angular acceleration and 
an upper torque limit of the drive shaft in a two dimensional space defined by an angular acceleration axis 
and a torque axis where the upper torque limit of the drive shaft decreases with increased angular acceleration; 

JiTST restric,ions are enhanced and relaxed by varying a maximum value available for the upper torque 
limit in the graph. M 

8. A slip control device as defined in any of Claim 1 , wherein 

the angular acceleration meter includes a revolution meter for measuring a revolution of the drive shaft and 
the torque controller sets an upper limit for the revolution of the drive shaft when the angular acceleration has 
exceeded a specific second threshold value, and controls the torque of the drive shaft to prevent the revolution 
of the drive shaft from exceeding the upper limit. 

9. A slip control device as defined In Claim 8, wherein the upper limit of the revolution of the drive shaft is set in 
accordance with a value of the revolution of the drive shaft at a specific moment during a period in which the 
angular acceleration goes over the second threshold value. 

10. A slip control device as defined in Claim 8, wherein 

the at least one prime mover Includes a motor and an internal combustion engine to drive the wheels- 
he vehicle further comprises a power-splitting mechanism for transmitting the driving force of the motor and 
internal combustion engine to the drive shaft; and 

the torque controller controls a torque of the motor to try to prevent the revolution of the drive shaft from 
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ZZXSSH ! in ?'ifII d ,0rCeS thS in - ernal combustlon enaine to °P era t« an Wng state when the 

38 exceeded *• upper,imi,at ,eas,by a spectfto minimum amourt in s > ite - 

11. A slip control device as defined in Claim 1 , wherein the torque controller relaxes the torque restrictions irrespective 
or other conditions when an accelerator position level for the vehicle is substantially 100%. 

^arZTlT* ^ T ined in C,aim 11 ' Wherein the t0rqU ° COntr0 " er a< « USts a de 9 ree «* «W ^ntrol in 
accordance wrth the accelerator position level for the vehicle when the accelerator position level falls within a 
specific range in the vicinity of 100%. 

13. A slipcontrol device as defined in Claim 1, wherein the torque controller relaxes the torque restrictions Irrespective 
of other conditions when a specific torque control off-switch has been actuated. 

14. A vehicle comprising: 

wheels for moving the vehicle; 
at least one prime mover; 

a drive shaft for transmitting a driving force of the prime mover to the wheels; and 
a slip control device, the slip control device comprising: 

an angular acceleration meter configured to measure an angular acceleration of the drive shaft- and 
a torque controller configured to enhance torque restrictions of the drive shaft when the angular acceler- 
ation exceeds a specific first threshold value, and to relax the enhanced torque restrictions once the an- 
gular acceleration falls below the first threshold value and further satisfies a specific restriction relaxation 
condition. 

15. A vehicle as defined in Clairn 14, wherein 

the torque restrictions are expressed as a graph representing a relation between the angular acceleration and 
an upper torque limit of the drive shaft in a two dimensional space defined by an angular acceleration axis 
and a torque axis where the upper torque limit of the drive shaft decreases with increased angular acceleration; 

the torque restrictions are enhanced by moving a position of the torque axis relative to the graph alonq the 
angular acceleration axis while preserving a shape of the graph. 

16. A vehicle as defined in Claim 15, wherein the movement of the torque axis during the enhancement of the torque 
restrictions is gradually effected In a period during which the angular acceleration is greater than the f iret threshold 
value. 

17. A vehicle as defined in Claim 15. wherein the torque restrictions are relaxed by moving the position of the torque 
axis relative to the graph along the angular acceleration axis while preserving a shape of the graph. 

18. A vehicle as defined in Claim 17, wherein the movement of the torque axis during the relaxation of the torque 
restrictions is gradually effected in a period during which the specific restriction relaxation condition is satisfied. 

19. A vehicle as defined in Claim 14, wherein 

the torque restrictions are expressed as a graph representing a relation between the angular acceleration and 
an upper torque limit of the drive shaft in a two dimensional space defined by an angular acceleration axis 
and a torque axis where the upper torque limit of the drive shaft decreases with increased angular acceleration; 

the torque restrictions are enhanced and relaxed by varying a minimum value available for the angular accel- 
eration In the graph. 

20. A vehicle as defined in Claim 14, wherein 

the torque restrictions are expressed as a graph representing a relation between the angular acceleration and 
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an upper torque limit of the drive shaft in a two dimensional space defined by an angular acceleration axis 
and a torque axis where the upper torque limit of the drive shaft decreases with increased angular acceleration; 

the torque restrictions are enhanced end relaxed by varying a maximum value available lor the upper torque 
limit in the graph. 

21. A vehicle as defined In any of Claim 14, wherein 

the angular acceleration meter includes a revolution meter for measuring a revolution of the drive shaft- and 
the torque controller sets an upper limit for the revolution of the drive shaft when the angular acceleration has 
exceeded a specific second threshold value, and controls the torque of the drive shaft to prevent the revolution 
of the drive shaft from exceeding the upper limit. 

22. A vehicle as defined in Claim 21, wherein the upper limit of the revolution of the drive shaft is set in accordance 
with a value of the revolution of the drive shaft at a specif ic moment during a period in which the angular acceleration 
goes over the second threshold value. 

23. A vehicle as defined in Claim 21, wherein 

the at least one prime mover includes a motor and an Internal combustion engine to drive the wheels- 

the vehicle further comprises a power-splitting mechanism for transmitting the driving force of the motor and 

internal combustion engine to the drive shaft; and 

the torque controller controls a torque of the motor to try to prevent the revolution of the drive shaft from 
exceeding the upper limit, and forces the Internal combustion engine to operate In an Jdling state when the 
revolution of the drive shaft has exceeded the upper limit at least by a specific minimum amount in spite of 
the motor torque control. 

24. A vehicle as defined in Claim 14, wherein the torque controller relaxes the torque restrictions irrespective of other 
conditions when an accelerator position level for the vehicle is substantially 1 00%. 

25. A vehicle as defined in Claim 24, wherein the torque controller adjusts a degree of torque control in accordance 
with the accelerator position level for the vehicle when the accelerator position level falls within a specific ranqe 
in the vicinity of 100%. a 

26. A vehicle as defined in Claim 14, wherein the torque controller relaxes the torque restrictions irrespective of other 
conditions when a specific torque control off-switch has been actuated. 

27. A slip control method for a vehicle including at least one prime mover for driving a drive shaft of the vehicle the 
drive shaft transmitting a driving force of the prime mover to wheels of the vehicle, the method comprising the 
steps of: 

(a) measuring an angular acceleration of the drive shaft; and 

(b) enhancing torque restrictions of the drive shaft when the angular acceleration exceeds a specific first 
threshold value, and to relax the enhanced torque restrictions once the angular acceleration falls below the 
first threshold value and further satisfies a specific restriction relaxation condition. 

28. A slip control method as defined in Claim 27, wherein 

the torque restrictions are expressed as a graph representing a relation between the angular acceleration and 
an upper torque limit of the drive shaft in a two dimensional space defined by an angular acceleration axis 
and a torque axis where the upper torque limit of the drive shaft decreases with increased angular acceleration- 
and ~ ' 

the torque restrictions are enhanced by moving a position of the torque axis relative to the graph along the 
angular acceleration axis while preserving a shape of the graph. 

29. A slip control method as defined in Claim 28, wherein the movement of the torque axis during the enhancement 
of the torque restrictions is gradually effected in a period during which the angular acceleration is greater than the 
first threshold value. 
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30. A slip control method as defined in Claim 28, wherein the torque restrictions are relaxed by moving the position 
of the torque axis relate to the graph along the angular acceleration axis while preserving a shape of the graph. 

torque restnct.ons Is gradually effected in a period during which the specific restriction relaxation condition is sat- 

32. A slip control method as defined in Claim 27, wherein 

>o the torque restrictions are expressed as a graph representing a relation between the angular acceleration and 

an upper torque limit of the drive, shaft in a two dimensional space defined by an angular acceleration axis 
anda torque axis where the uppertorque limit of the drive shaft decreases with increased angular acceleration; 

the torque restrictions are enhanced and relaxed by varying a minimum value available for the angular accel- 
,0 eration in the graph. 

33. A slip control method as defined in Claim 27, wherein 

the torque restrictions are expressed as a graph representing a relation between the angular acceleration and 
an upper torque limit of the drive shaft In a two dimensional space defined by an angular accelaiS 2 
and a torque axis where the uppertorque limit of the drive shaft decreases with increased angular acceleration; 

limft inme by VB,yln9 a maxlmum va,ue available for the upper torque 

?5 ' 

34. A slip control method as defined in any of Claim 27, wherein 

the step (a) includes a step of measuring a revolution of the drive shaft; and 
the step (b) includes the steps of: 

setting an upper limit for the revolution of the drive shaft when the angular acceleration has exceeded a 
specific second threshold value; and 

controlling the torque of the drive shaft to prevent the revolution of the drtve shaft from exceedinq the 
upper limit. 

35. A slip control method as defined in Claim 34, wherein the upper limit of the revolution of the drive shaft is set in 
accordance with a value of the revolution of the drive shaft at a specific moment during a period In which the 
angular acceleration goes over the second threshold value. wnnwnicnme 

36 ' ™2 1 C !r°" neth0 ? a ! de,ined,n Cl8lrn ^'^'^^t'^o^Primemoverlncludesamotorand an internal 

SKE^T?"! TJ he Whee ' 8 ' 8nd ,he VehiC ' 8 fUrther Comp,,8es a Power-splitting mechanism for trans- 
mrtting the driving force of the motor and internal combustion engine to the drive shaft; and 
the step (b) further includes the steps of: 

S^nd 9 8 t0rqUe °' m ° ,0r t0 ^ 10 PrCVent reV0 ' Uti0n ° f ,he dfiVe Sh0ft ,rom exceedin 9 ■» "PP* 
forcing the internal combustion engine to operate in an idling state when the revolution of the drive shaft has 
exceeded the upper limit at least by a specific minimum amount in spite of the motor torque control. 

37. A slip control method as defined in Claim 27, wherein the step (b) includes a step of relaxing the torque restrictions 
irrespective of other conditions when an accelerator position level for the vehicle is substantially 100%. 

38. A slip control method as defined in Claim 37, wherein the step (b) further includes a step of adjusting a deqree of 
torque control | n accordance with the accelerator position level for the vehicle when the accelerator position level 
falls within a specific range In the vicinity of 1 00%. 

39. A slip control method as defined in Claim 27, wherein the step (b) includes a step of relaxing the torque restrictions 
irrespective of other conditions when a specific torque control off-switch has been actuated. resWc,tons 
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Fig. 3 
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Fig. 4 

Torque Command Value/Vehicle Speed Map According to 
Accelerator opening AOP 
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Fig. 5 



Torque Restrictions on Second Motor MG2 
During Normal Operation 
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Fig. 6 

Enhancement and Relaxation of Torque Restrictions 
According to Variations in Angular Motor Acceleration 
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Fig. 8(a) 



accelerator 50 
opening 
AOP n 



(%) 



f 



Fig. 8(b) 



1600 
1200 

motor 

rpm 800 
N 400 
0 




Fig. 8(c) 



motor 
torque 




1000 2000 3000 4000 5000 6000 

(ms) 



25 



WSDOOD: <£P 1 147B37A*J_> 



EP 1 147 937 A2 



Fig. 9(a) 



accelerator 50 
opening 
AOP o 



Fig. 9(b) 



motor 
rpm 800 

N 40O 

0 



1600r(rpm) 
1200- 



Fig. 9(c) 



motor 
torque 



300 
200 r 
100 
0 



(Nm) 



1000 2000 3000 



1 147837 A?J_> 



26 



EP1 147 937 A2 



Fig. 10(A) 
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Fig. 12(A) 
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Fig. 13(A) 
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Fig. 14 

Engine Transfer to Idling Operation 
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Fig. 15 

Maximum Displacement 6 max and Accelerator opening During 
Enhancement of Torque Restrictions 
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